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Abstract To answer the question of why we have con- 
sciousness, I propose the following evolutionary trajectory 
leading to this feature: Nervous systems appeared for the 
purpose of orchestrating behavior. As a rule of thumb the 
challenges facing an animal concern either approach or 
avoidance. These two options were originally hard-wired as 
reflexes. Improvements in adaptability of response came 
with an expansion of the computational aspect of the system 
and a concomitant shift from simple reflexes to instinctual 
behavior, learning, and eventually, feelings. The assessment 
of positive and negative feelings allows organisms to weigh 
various options, but for this to be a viable strategy, an 
awareness of hedonic value is required. This was presum- 
ably the first neural attribute to evolve that required 
awareness, and thus the key force in the evolution of con- 
sciousness. The attribute first appeared in the early amniotes 
(the phylogenetic group comprising reptiles, birds and 
mammals). Support for this model in current accounts of the 
neurobiology of feelings and consciousness is discussed. 

Keywords Amniotes • Consciousness • Emotions • 
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Introduction 

Terminology 

For the human species, consciousness is what life is about; 
yet presumably it is a trait lacking in the vast majority of 
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organisms as it is difficult to envisage this attribute in the 
absence of an advanced nervous system. At some point in 
our evolutionary history the trait evolved, and if we can 
understand the evolutionary rationale, i.e., the adaptive 
significance, behind this event, we stand a better chance of 
understanding what consciousness is about. I present a 
model for the evolution of consciousness suggesting that 
the feature first appeared for the purpose of experiencing 
feelings, and that the capacity to feel evolved as a strategy 
toward a more flexible and adaptive way of evaluating 
behavioral options. 

Few topics in science have a more extensive, and varied, 
depiction than the phenomenon referred to as conscious- 
ness. In order to present a coherent model it is pertinent to 
first discuss a few key terms. The following outline reflects 
what is useful for the present purpose; a general overview 
of the literature is beyond the scope of this article. 

Consciousness implies an ability to be aware of sensory 
input and thus be in a position to monitor aspects of both 
the external and internal environment. Besides the ability 
to experience life, this attribute entails a neurobiological 
flexibility that can be used to drive a variety of behavioral 
outputs. In an animal capable of consciousness, some types 
of behavior are driven by motivation based on feelings — 
rather than on more hard-wired responses such as fixed 
action patterns and innate or learned behavioral patterns. In 
the terminology of Edelman (2004), primary consciousness 
(i.e., sensory consciousness or awareness) can be defined as 
the ability to integrate observed events with memory to 
create awareness of the present and immediate past; while 
secondary consciousness includes additional features such 
as self-awareness and reflective thoughts and thus allows 
for “being conscious of being conscious.” Primary con- 
sciousness is sufficient to turn key components of brain 
activity into a cohesive “film of life.” 
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Self-awareness (or self-recognition) implies an under- 
standing of the “self” as a unique entity in the environ- 
ment. The term suggests that the organism knows “who it 
is,” i.e., it has concepts of “agent” and "agency.” Self- 
awareness is generally assayed with the mirror test 
(or related methods), and appears to be restricted primarily 
to humans and apes (Kitchen et al. 1996); although other 
mammals, such as cetaceans (Reiss and Marino 2001), as 
well as certain birds (Prior et al. 2008) may possess rudi- 
mentary forms of self-awareness. 

Feelings imply brain activity causing affect. They 
include emotions as well as any sensation that are made 
available to (or impact on) conscious experience and that 
tend to have a positive or negative connotation, i.e., plea- 
sure or displeasure. Emotions typically have social (or 
extrovert) components, while sensations concern primarily 
oneself. The term feelings consequently includes affect 
caused by, e.g., physical pain and hunger, which are often 
not considered to be emotions. The parts of the brain 
involved in generating pleasure or displeasure may be 
referred to as mood modules (Grinde 2012). Feelings are, 
per definition, the conscious output of these modules. 
Hedonic value refers to the positive or negative aspect of 
feelings, as opposed to the particular type of sensation. 

It should be noted that when employing words originally 
coined to describe human conditions in the characterization 
of animals, the question of appropriate use is necessarily 
somewhat arbitrary. Some people will, for example, claim 
that dogs have a nose, while others may say they do not 
possess a nose, but rather a snout. All living organisms 
have features in common with humans, but the features are 
unique to each species in their detailed structure and 
function. The snout and the nose are evolutionary homol- 
ogous entities, but have evolved along different trajectories 
for a considerable amount of time. Similarly, the con- 
sciousness experienced by a dog is most likely different 
from that experienced by a human; but the two forms of 
consciousness are derived from a shared ancestor, which 
makes it reasonable to refer to them by the same term. In 
most cases, including consciousness, there is a somewhat 
arbitrary cutoff as to when the attribute possessed by an 
organism has the required similarity to the homologous 
(or analogous) human attribute to warrant the use of the 
same term. 

Attributes of Consciousness 

The feature of consciousness is one of many modules, or 
functions, that have been added to the mammalian brain 
over the course of evolution. It involves a select fraction of 
the processes taking place in the awake brain. The pro- 
cesses not brought to conscious awareness are referred to 
as subconscious. The subconscious activity has the 



capacity to direct the attention of the conscious brain in a 
fashion analogous to what, in the language of business, is 
referred to as "information given on a need-to-know 
basis.” Thus, even information that impacts on our emo- 
tional life is not necessarily brought to conscious attention 
(Tamietto and de Gelder 2010). Presumably, consciousness 
is costly to operate, and only capable of handling one 
experience at the time; thus conveying too much infor- 
mation to the part of the brain responsible for conscious- 
ness could cause dangerous distractions. 

Consciousness can be turned on or off, either by the 
power of control vested in the subconscious (as when 
falling asleep), by external means (as in anesthesia), or by 
damage to the brain (e.g., coma caused by a stroke). The 
various situations in which consciousness is off may be 
collectively referred to as unconsciousness (used here in a 
physiological, rather than Freudian, sense). The natural 
form of unconsciousness (sleep) is, however, different from 
anesthesia and coma in its capacity to generate dreams, and 
in that the subconscious retains the power to turn on 
awareness when needed, as when external stimuli suggest 
danger. 

In humans, “accurate report” (e.g., in response to que- 
ries about a sensation or experience) may be used as a sign 
of consciousness (Seth et al. 2005), but in order to probe 
for a homologous feature in animals, we need to identify 
other defining qualities. A variety of neurobiological and 
behavioral correlates have been suggested, including: the 
presence of a thalamocortical complex, extensive “cross- 
talk” between dispersed nerve circuitry within this com- 
plex, a “default mode network” involving core activity in 
prefrontal and medial parietal regions of cortex, distinct 
sleep-wake cycling, behavioral flexibility (or behavior 
indicative of choice based on motivation rather than on 
hard-wired patterns), play behavior, signs of emotions or 
feelings, advanced communication, skill acquisition, and 
cultural transmission (for reviews, see Rossano 2003; Crick 
and Koch 2003; Butler 2008; Cabanac et al. 2009; Edelman 
and Seth 2009). The position taken here is that several of 
these features, but not necessarily all, should be present in 
order to ascribe consciousness to an organism within the 
vertebrate lineage. 

There is reasonable evidence indicating the existence of 
primary forms of consciousness in mammals and birds 
(Butler and Cotterill 2006; Edelman and Seth 2009), and 
possibly in reptiles as well (Cabanac et al. 2009). Taken 
together, these observations suggest that the trait first 
evolved in the common ancestor of these three classes, 
collectively referred to as amniotes, some 300 million 
years ago. Excluding the reptiles would mean that it 
evolved independently in birds and mammals; and a model 
not requiring convergent evolution is, arguably, more 
parsimonious. 
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All amniotes have a complex behavioral repertoire, and 
at least birds and mammals appear to have cultural trans- 
mission (Laland and Galef 2009). Moreover, the amniotes 
(but apparently neither fish nor amphibians) display signs 
of emotion, such as tachycardia and fever upon handling, 
an increase in brain dopamine activity (the neurotrans- 
mitter most closely associated with reward-oriented 
behavior), and an apparent capacity to feel pain (Cabanac 
et al. 2009; Mosley 2011). Compared to lower vertebrates, 
amniotes have larger brains, and are thus presumably 
capable of a more complex response to the challenges of 
life. While it might be tempting to explain consciousness as 
an evolutionary strategy aimed at facilitating computa- 
tional brainpower, or as a by-product of a sophisticated 
brain (Rosenthal 2008), advanced behavior — for example, 
communication in social insects — apparently does not 
require consciousness (Gould and Grant-Gould 1995) 
(and, one might add, neither do computers). Either pre- 
sumed non-conscious species such as insects and fish do 
not possess a sufficiently sophisticated brain, or other 
factors beyond mere intricacy of response are required in 
order to explain the origin of consciousness. I shall argue in 
favor of the latter. 

Amniotes were the first vertebrates to adapt to life on 
land. It has been discussed whether the complexity of 
terrestrial environments spurred the emergence of more 
complex behavior and consciousness (Cabanac et al. 2009). 
One would expect, however, that early terrestrial environ- 
ments were a lot simpler, harboring a considerably lower 
diversity of life forms, compared to the oceans. Moreover, 
non-vertebrate animals, including annelids, arthropods and 
mollusks, colonized dry land at about the same time, or 
shortly after, without a similar expansion of the nervous 
system. 

Interestingly, two of the most impressive escalations of 
brain capacity, i.e., in the molluscan class Cephalopoda 
(Edelman and Seth 2009) and the mammalian order 
Cetacea (Marino 2007), occurred in the ocean. In fact, 
cephalopods are the foremost candidates for consciousness 
in invertebrate animals (Mather 2008; Edelman and Seth 
2009). The brains of these invertebrates are profoundly 
different as to neuroanatomical structures compared to 
amniotes. To the extent that they display signs of con- 
sciousness, a closer examination may therefore suggest 
general principles as to the underlying circuitry. Never- 
theless, the presence of anything resembling consciousness 
in invertebrates would require convergent evolution, and 
has consequently limited relevance as to delineating the 
evolutionary trajectory leading to consciousness in 
humans. The present discussion will therefore focus on 
vertebrates. 

A capacity for feelings, or emotions, are typically 
listed among the defining features of consciousness; 



however, even if consciousness were to be defined solely 
by other qualities, the current evidence suggests that 
the two features evolved concurrently (Cabanac et al. 
2009; Denton et al. 2009; Mosley 2011). This observa- 
tion may offer a more fruitful starting point for 
explaining the evolutionary scenario leading to verte- 
brate consciousness. 



Evolution of Consciousness 

The Rationale for Nervous Systems 

The more primitive, decentralized nervous systems (e.g., in 
jellyfish and other members of the phylum Cnidaria) serve 
two functions: first, to collect information about the envi- 
ronment; and second, to initiate a response by activating 
muscles or glands. In more advanced, bilateral animals, 
nerve cells aggregate in ganglia or other centralized 
structures such as the vertebrate brain. These structures 
evolved for the purpose of a third function: to perform 
processing and evaluation of the information obtained prior 
to response. 

While the most primitive nervous systems operate 
entirely on reflexes, or fixed action patterns, the expansion 
of processing implied a gradual shift toward learning and 
cognition. Nevertheless, even in humans, several types of 
external stimuli, and perhaps a majority of internal needs, 
are cared for by reflexive (subconscious) processing, 
exemplified by the adjustment of pupils in response to light 
and the heartbeat, respectively. 

Nervous systems are associated with the management of 
behavior, and behavior is primarily a question of move- 
ment. Macroscopic plants are generally sedentary, and 
consequently have not evolved a nervous system. In the 
metazoans, however, nerve cells and their accompanying 
behavioral outputs were an evolutionary success. This 
success is founded on two pillars: One, neuronal circuitry 
allowed the organism to approach opportunities (e.g., nutrients 
and potential mates); and two, they made it possible to escape 
danger (e.g., toxins, inappropriate environments, and preda- 
tors). This dichotomy — i.e., the pursuit of opportunities and 
the avoidance of aversive or dangerous conditions — is a core 
feature of all nervous systems. 

Behavior that appears to be intelligent does not nec- 
essarily require consciousness, as (presumably) in the 
case of communication among social insects; and a 
response to sensual stimuli does not imply the sensation 
of feelings, as exemplified by the curling up of an 
earthworm in response to being poked. In other words, 
one should be careful about making assumptions as to 
the attributes of nervous systems based on observations 
of behavior alone. 
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The Rationale for Consciousness 

Reflexes do not require extensive centralized processing. 
Brain power evolved gradually, presumably due to the 
advantages of integrating more information before exe- 
cuting a response, and being able to base that response on 
previous experience. The latter quality implies the ability 
to learn; but even relatively primitive animals, such as 
nematodes, may have this capacity (Zhang et al. 2005). 
Eventually, the response to the challenges of life was no 
longer simply an issue of whether or not to approach or 
escape, but rather, a matter of weighing the pros and cons 
in a decision-making process allowing a large number of 
finely tuned alternatives. The advantage came in the form 
of flexibility in dealing with the environment; i.e., behavior 
that adapts to variable conditions. 

In order to implement an advanced form of behavioral 
response, a nervous system would need to evaluate the sur- 
vival value of various expected outcomes. Early nervous 
systems must have already been tuned to the approach-or- 
avoid dichotomy of most situations; i.e., the outcome tends 
to be either positive or negative. However, in the case of 
more advanced animals, in order to effectively assess vari- 
ous alternatives a strategy for comparison was required. For 
example, how much pain, or risk, is it worth to try to lay 
down a prey? In order to respond optimally to this type of 
situation, the organisms needed a “common currency” for 
positive and negative, or “good” and "bad” (McFarland and 
Sibly 1975). The chosen currency is what I refer to as the 
hedonic value component of feelings, and is implicit in the 
terms “reward” and “punishment.” The amniote brain 
considers the net outcome of various actions (the sum of 
positive and negative expectations), and hence the presumed 
optimal survival outcome (Cabanac 1992). 

In other words, feelings presumably originated as a 
further elaboration of the neurobiological processing taking 
place between the sensory system and the executive branch 
of the nervous system. Feelings add value to the informa- 
tion obtained. The value is positive (pleasant) in the case 
where approach behavior is appropriate, and negative 
(painful or otherwise unpleasant) if avoidance is called for. 
The strength and duration of the expected feelings deter- 
mine their worth. The score given to various options is 
based on a composite of innate tendencies and previous 
experience; e.g., humans may have an innate propensity to 
fear snakes (which implies a punitive feeling), though we 
can learn that certain snakes do not harm us. 

Note that this strategy requires two attributes of the 
brain: one, to weigh alternatives based on hedonic value; 
and two, to translate the inference into action by generating 
motivation based on pleasure maximization (Cabanac 
1992). It may be possible to conceive of ways to achieve 
similar performance without the use of feelings, but feelings 



appear to be a rational choice; moreover, it was presumably 
the choice opted for by evolution in the case of the amniotic 
lineage. 

As to the present discussion, the core point is that for 
feelings to work, or make any sense as a currency to 
respond to, a capacity to assess (and hence experience) 
their positive and negative value is required. Most inver- 
tebrates respond to sensory input, but presumably not by 
weighing hedonic value. It is difficult to envision how 
feelings could function as “a currency for decision mak- 
ing” without an awareness component. / surmise that the 
requirement for that awareness was the cue that engen- 
dered the emergence of consciousness. 

Why the Amniotes? 

Evolution has moved in the direction of radically increased 
complexity of nervous systems primarily in three phyla: 
Chordata (vertebrates), Arthropoda, and Mollusca. The 
development can be seen as a consequence of an evolu- 
tionary “arms race”: if one species improves its fitness by 
evolving more elaborate, or more flexible, behavior; 
interacting species needs to follow suit in order to survive. 
Feelings, compared to a more innate response, increased 
the flexibility and adaptability of behavior, though in the 
early stages not necessarily its complexity. 

Although complex behavior is evident in present 
arthropods and mollusks, evolution may not have intro- 
duced consciousness. In other words, it seems a bit sim- 
plistic to assume that consciousness is a consequence of an 
increased computational capacity. The following presumed 
features of the early amniotes and their environment may 
help explain why the attribute emerged in terrestrial 
vertebrates: 

1 . At the time, the amniotes most likely possessed a more 
sophisticated central nervous system compared to the 
other two phyla mentioned above, and thus a better 
starting point for further elaborations. 

2. They were relatively large animals with long genera- 
tion times and small litters, which implies that they 
evolved slowly. Consequently, adaptation to novel 
environments relied to a greater extent on individual 
adaptability, rather than on genetic modification. 

3. They evolved (advanced) lungs as an adaptation to 
terrestrial life. The brain is an expensive organ to 
operate, requiring a substantial portion of the energy 
(and oxygen) an organism can procure (Mink et al. 
1981). Introducing a system of feelings, and concom- 
itant awareness, as a strategy for complex decision- 
making presumably provided a considerable push in 
the direction of a larger and more demanding brain. 
The concentration of oxygen is much higher in air 
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compared to water, but of the terrestrial animals only 
amniotes developed an efficient breathing organ. 

4. Although it seems likely that early terrestrial ecosys- 
tems were less complex than contemporary marine 
environments, the situation may have changed more 
rapidly on land, implying a greater selection pressure 
for behavioral flexibility. 

I believe these four points may have contributed to the 
emergence of consciousness, but one should also take into 
account a possible stochastic element in the evolutionary 
process. As mentioned earlier, elaborate non-conscious 
behavior is possible, and a decision-making strategy 
employing feelings was almost certainly due, in part, to 
chance — or providence. 

Further Elaborations of Consciousness 

For the early amniotes, awareness presumably hinged on 
the assessment of behavioral options based on their hedo- 
nic value. The strategy proved to be successful, and evo- 
lution has since elaborated extensively on this first, simple 
version of (primary) consciousness. The elaborations 
adapted to the requirements of the various species; for 
example, olfactory signals play a prominent role in the 
conscious life of a dog. 

In the human lineage, attributes such as self-awareness, 
culture, language, advanced cognitive power, and the 
curious sense of free will enhanced the experience of life. 
Concomitantly, the original function became less obvious, 
as the conscious brain evolved into a partly independent 
unit with “a life of its own.” The subconscious presumably 
directed ever more information to the conscious brain, as 
more information would imply a better foundation for 
decision-making — limited primarily by available brain 
capacity. The original pleasure or displeasure dichotomy 
became obscured, as today the human experience of life is 
based on a smear of sensory input mixed with memories 
and thoughts that have none, or limited, hedonic value. 
Consciousness is often active even in the apparent absence 
of any (obvious) emotional valence. The integration of 
various sensory and cognitive information appears more 
important, and decisions are to a larger extent based on 
cognition, taking long term objectives into account, rather 
than on feelings alone. 

Yet, consciousness has its shortcomings, which may 
explain why a substantial portion of the brain’s processing 
capacity is retained by the unconscious. For example, only 
select parts of the sensory input meant to monitor internal 
and external environments are sent to the conscious brain, 
most of the signals received by sensory organs are filtered 
away. The constraints on consciousness also explain why 
following intuition sometimes (for example in the case of 



solving problems and in fine-tuned muscle movements) is a 
better strategy than exercising deliberate control. 

The main drawbacks of consciousness are as follows: 

1 . It is a relatively slow process. Conscious perception of 
a stimulus requires 100-200 ms (Crick and Koch 
2003). 

2. It is probably energy intensive; thus, a more automated 
response conserves nutrients and oxygen in cases, such 
as the regulation of heartbeat, where awareness cannot 
add any meaningful input to the response. 

3. While the subconscious most likely works as a parallel 
processor, organizing several tasks simultaneously 
(e.g., heartbeat and temperature regulation), the con- 
scious brain can only handle one task at a time; if 
additional tasks require conscious input, it is necessary 
to shift back and forth between them (Baars 1997). 

4. According to the present model, consciousness 
evolved for decision making, not for execution; thus 
the process does not have the power to deal with tasks 
such as how to orchestrate optimal performance of legs 
and arms. 

5. Cognition is vulnerable to the whims of the individual. 
For the sake of the genes, flexibility comes with the 
price of uncertainty. 

6. Feelings and awareness were only generated in cases 
where they made evolutionary sense. For example, we 
do not feel a tumor unless it happens to press on nerve 
cells installed for other purposes; because during our 
evolutionary history, being aware of a tumor would not 
have helped. 

Due to these limitations, consciousness is not the sole, or 
even prime, “mover” of behavior; instead most human 
behavior stems from a mixture of conscious and sub- 
conscious processing (Kunde et al. 2003; Cabanac and 
Bonniot-Cabanac 2007; Pessiglione et al. 2008; Baumeister 
et al. 2011). 



Neurobiological Support for the Present Model 

Neural Correlates of Consciousness 

The evolutionary scenario presented above suggests the 
following predictions: one, consciousness and feelings 
have related neurobiological features (as to neuroanatomy 
and/or neurochemistry), as they appeared at the same time 
and for a shared purpose; and two, if they evolved to care 
for the basal process of approach or avoidance, the core 
circuitry involved might be situated in the more ancient 
parts of the brain. It is worthwhile to consider whether 
these implications are supported by data. 
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The neurobiology of consciousness is elusive, presum- 
ably because it relies on constant communication between 
widely dispersed nerve circuits, rather than on the localized 
“off-or-on” activity of a particular center. One view that 
has gained broad acceptance is that the main anatomical 
components are within the thalamocortical complex, which 
may include the basal ganglia and possibly other parts of 
the forebrain (Crick and Koch 2003; Edelman and Seth 
2009; Cabanac et al. 2009; Ward 2011). In this view, 
consciousness depends on the continuous chattering of 
circuits within the thalamocortical complex (Alkire et al. 
2008; Noirhomme et al. 2010). More specifically, our 
experiences may reflect perturbations on a background of 
more regular, spontaneous activity (Buzsaki 2007); and 
attention may be a question of which of a variety of nas- 
cent, perturbation-causing nerve cell coalitions gain dom- 
inance at any given moment (Crick and Koch 2003). 

Somewhat surprising is the recent suggestion that con- 
sciousness may be independent of either intact cortex or 
thalamus. Hydranencephalic children, i.e., humans born 
without cortex (or with minimal remnants thereof), appear 
to be conscious (Merker 2007; Beshkar 2008), as do ani- 
mals in which cortex or (possibly) thalamus are removed 
(Panksepp et al. 1994; Alkire et al. 2008). In such instan- 
ces, it is conceivable that remaining structures of the 
forebrain — particularly components of the basal ganglia 
such as the nucleus accumbens, ventral pallidum, and 
striatum — are sufficient for generating primary conscious 
states. Alternatively, the brain might compensate for the 
absence or loss of cortex by delegating functions to 
available nervous tissue. 

A reasonable model based on the above discourse is that 
the functions regulating consciousness are associated with 
subcortical structures, perhaps in particular the intralaminar 
nuclei of the thalamus (Alkire and Miller 2005; Jones 
2001). Here, direct injections of agonists to the generally 
inhibitory neurotransmitter GABA cause rapid sedation in 
rats (Miller and Ferrendelli 1990), a patient in minimal 
conscious state for 6 years improved drastically after 
stimulation of these nuclei by electrodes Schiff and Fins 

2007) , and thalamic damage in humans can result in a 
vegetative state, while restoration of consciousness is 
associated with restoration of functional connectivity 
between thalamus and (cingulate) cortex (Alkire et al. 

2008) . Moreover, the associated thalamic reticular nucleus 
has been implicated in schizophrenia, a disturbance of 
consciousness (Ferrarelli and Tononi 2011); and related 
structures in the hypothalamus apparently play a similar, 
central role in the regulation of sleep (Szymusiak and 
McGinty 2008; Gvilia 2010). 

The cortex presumably adds substance and content, not 
only to conscious experience, but also to dreams (Nir and 
Tononi 2010). Other structures, such as the claustrum 



(Crick and Koch 2005), may help in the process of gath- 
ering and integrating information from different parts of 
the brain. 

Neural Correlates of Feelings 

As for feelings, it seems reasonable to divide the parts of 
the brain involved in generating hedonic value into three 
main modules: one for punishment, and two for rewards, 
i.e., seeking (or wanting) and liking (or consuming) 
(Panksepp 1998; Kringelbach and Berridge 2009). Recent 
data suggest that these three modules to a large extent use 
the same brain structures; that is, all types of punishment 
and reward — whether from food, sex, burns, social rela- 
tions, etc. — converge on shared neural substrates for the 
generation of hedonic value (Feknes and Tracey 2008; 
Tabibnia et al. 2008; Fieberman and Eisenberger 2009; 
Takahashi et al. 2009; Berridge and Kringelbach 2011). 
Again, particular regions of the cortex (e.g., prefrontal, 
orbitofrontal, and insular cortex) may act as a sort of 
dashboard to add “flavor” and distinctiveness to various 
rewards and punishments, while subcortical structures — 
including areas associated with the basal ganglia, the 
amygdala, and thalamus — act more like a “motor,” gen- 
erating the hedonic quality (reviewed in (Grinde 2012)). 
The main "hedonic hotspots,” in which direct stimulation 
can cause activation (in the form of enhanced pleasure) 
upon relevant stimulation (via electrodes or local injection 
of neuro transmitter modulators), are found in nucleus 
accumbens and pallidum (Pecina 2008; Smith et al. 2010); 
while stimulation of certain areas of the thalamus can 
inhibit pain (Bittar et al. 2005). 

Comparison 

Dopamine appears to play a central role in the seeking 
type of rewards (Barbano and Cador 2007; Feknes and 
Tracey 2008) as well as in consciousness (Fou 2011; 
Palmiter 2011). The considerable increase in telencephalic 
(the major part of the forebrain) dopamine receptors in 
reptiles compared to amphibians is taken as a further 
indication that consciousness first evolved in the amniotes 
(Cabanac et al. 2009). 

The foregoing observations suggests that the core, or 
regulatory, circuitry for both feelings and consciousness is 
situated in basal parts of the brain; moreover, they point 
toward a considerable overlap between the neurobiology of 
emotions and that of consciousness, which accords with the 
notion that the two evolved together. Specifically, the 
neurobiology of the two converge in the basal ganglia, 
perhaps in the diencephalon (the minor part of the fore- 
brain), in the function of dopamine, and, of course, in the 
use of the cortex for elaborating the experience. 
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It should be noted that even if the emergence of feelings 
spurred awareness, the two features have been molded by 
evolution for some 300 million years, which is ample time 
for considerable divergence in neurobiology. Moreover, a 
shared neurobiology in the early amniotes, while expected, 
is not required. Still it is interesting to note that, although 
cognitive capacity is lacking in hydranencephalic children, 
they do seem to experience feelings, including pleasure and 
pain (Merker 2007; Beshkar 2008). This observation lends 
credence to the idea of shared neurobiological features for 
feelings and consciousness; although one should consider 
that the presence of feelings is one of the criteria used to 
assess consciousness, which limits the validity of the 
argument. It is not obvious to what extent these children 
retain the basal ganglia, which may prove more crucial 
than either cortex or thalamus. 



Discussion 

Consciousness Evolved 

I have outlined a model for the evolution of consciousness 
suggesting that the feature first appeared for the purpose of 
experiencing feelings. The capacity to feel evolved as a 
strategy toward a more flexible and adaptive way of eval- 
uating behavioral options. The model is based on the fol- 
lowing considerations: 

1. The core function of a brain is to make behavioral 
decisions, and these were, in most of our evolutionary 
history, primarily a matter of either approach or 
avoidance. This dichotomy is a characteristic feature 
of all nervous systems. 

2. In order to compare the survival value of various 
approach and avoidance options, a “common cur- 
rency” for positive and negative salience, i.e., hedonic 
value, is required (McFarland and Sibly 1975). The 
ensuing assessment allows for a more flexible and 
sophisticated response compared to what innate or 
learned patterns of behavior can deliver. 

3. Feelings, in the form of positive and negative incite- 
ments (e.g., reward and punishment), seem to be a 
reasonable choice of currency. The two are weighed 
against each other in order to create the right 
motivation, implying that the brain will motivate the 
individual to act according to the principle of pleasure 
maximization (Cabanac 1992). 

4. For feelings to make any sense, an awareness of good 
and bad, pleasure and displeasure, is required. There 
seems to be no other obvious requirement for conscious 
experience in (early) amniote evolution, and conscious- 
ness is apparently not required for complex behavior. 



5. Sensory input provides the primary source of relevant 
information for behavioral decisions, and would 
therefore be expected to play a dominant role in 
delivering reward and punishment, and in the con- 
scious experience of life. On the other hand, only 
select sensations, those pertinent for advanced decision 
making, engage the mood modules. Adding hedonic 
value is not required for a sense organ to trigger 
behavior, as exemplified by reflexes. 

6. Various lines of evidence suggest that awareness and 
feelings evolved concurrently in early amniotes. 

7. The amniote form of awareness, or primary conscious- 
ness, has been further elaborated by the evolutionary 
process into the more advanced, secondary conscious 
experiences of humans. 

8. Consciousness and feelings have neurobiological fea- 
tures in common, as expected if the two evolved 
together for a shared purpose. 

9. The core, regulatory circuitry appears to be situated in 
the basal, sub-cortical parts of the brain; as would be 
expected for an evolutionary expansion of the core 
function of nervous systems — i.e., to make decisions 
about approach or avoidance. Expansion of the cortical 
mantle presumably occurred later, and caused enrich- 
ment of content as to both feelings and consciousness. 

Starting with early vertebrates, it is theoretically possible 
to envision the evolution of advanced, human-like behavior 
without introducing feelings as a currency for weighing 
alternatives — a purely cognitive assessment of options 
would, for example, be conceivable. Evolution did not 
follow this trajectory, perhaps because: for one, cognition 
was not sufficiently advanced to make this a viable strategy; 
and two, moving from fixed action patterns to learned 
behavior, and then on to motivation based on feelings, is a 
more probable evolutionary scenario. This scenario is in 
line with how evolution is known to work; i.e., changes in 
the genome typically reflect indirect means to direct the 
body the genes reside into promote their propagation. For 
example, in mammals the sexual drive, rather than a desire 
to have children, is sufficient to ensure fertilization. 

The evolutionary trajectory leading to the human brain 
may be considered providential in that it offers us an 
experience of life (Baars 1997), and a capacity for happi- 
ness (Grinde 2012). Fish and amphibians presumably lack 
this capacity; they respond to sensory stimuli, but may not 
feel pleasure or pain (the issue is discussed in Rose 2007; 
Cabanac et al. 2009; Sneddon 2009). 

Human Consciousness 

Dating back to the ancient Greek philosophers, there have 
been numerous ways to categorize and describe human 
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consciousness. I have mentioned the distinction between 
primary and secondary consciousness (Edelman 2004), as 
these terms are useful for the present model. Damasio 
(1999) prefers the term self as (partly) synonymous with 
secondary consciousness; i.e., as the personal experiences, 
thoughts and memories of an organism with the capacity 
for self-awareness. The self is further divided into core self 
and extended self; respectively, a stable representation of 
an individual’s life, and the autobiographic information 
that accumulates in the mind. In the present biological 
model, however, this distinction seems somewhat arbitrary. 

The following list is an attempt to use the present bio- 
logical model to categorize the types of brain processes that 
are delegated to, and cared for by, the conscious part of the 
human brain: 

1. Feelings (which here include the activity of the mood 
modules, as engaged by either emotions, sensations or 
cognition — i.e., all forms of affect). 

2. Sensing (input from sensory organs that may or may 
not activate mood modules). 

3. Cognition (thinking and related mental activity that 
may or may not activate mood modules). 

4. Motivation and volition (initiators of actions based on 
the above three). 

According to the present model, type 1 was the insti- 
gating rationale for the evolution of consciousness. The 
additional information deriving from sensory organs, i.e., 
type 2, may be brought to the conscious brain in order to 
secure that all relevant information is available for scru- 
tiny. The subconscious does filter away the vast majority of 
signals reaching, for example, eyes and ears; but it would 
be difficult to install a filter that only left information of 
obvious relevance for making decisions, particularly as the 
conscious brain may be the best judge as to what consti- 
tutes relevant information. Cognition, type 3, evolved 
gradually to improve the process of decision making, but 
eventually, in the human lineage, took the shape of an 
"independent” feature of the brain. In fact, it has evolved 
to the point where decisions are made partly in the absence 
of, or in disregard of, the hedonic value of various options. 
The final type, number 4, is required as a link between 
feelings/cognition and actual behavior; but the relevant 
activity is not always brought to conscious attention. 

It has been suggested that consciousness is simply an 
epiphenomenon, i.e., an incidental byproduct of selection 
in the direction of cognition and a more advanced brain 
(see, for example, Rosenthal 2008). In my mind, the epi- 
phenomenon model is less attractive for the following 
reasons: One, consciousness is a rather distinct and 
noticeable feature of the brain, and conspicuous features 
are in general unlikely to appear unless selected for; and 
two, it is possible to outline a scenario that depicts why 



evolution opted for consciousness (as exemplified by the 
present text). With a reasonable evolutionary rationale 
available, selection offers a more compelling explanation 
compared to a model describing the feature as an epiphe- 
nomenon. These arguments, however, do not rule out the 
possibility that the evolutionary trajectory leading to con- 
sciousness was in part characterized by coincidental events. 

Most bodily features, somatic as well as mental, evolve 
to various states of sophistication in different lineages. 
Their final complexity is primarily a question of survival 
value. The nose, for example, is considerably more 
advanced in dogs compared to humans; while both con- 
sciousness and emotions presumably display their most 
elaborate forms in humans. I have previously proposed 
that, if so, humans may have the propensity to be the most 
happy (and most miserable) of any animal (Grinde 2012). 

One factor hampering our efforts to understand con- 
sciousness may simply be that the human version of the 
feature has progressed far beyond the original state. So 
much information has been added to our “film of life” that 
we do not easily sense the dichotomy of positive and 
negative feelings, which presumably dominated in the early 
amniotes. The neurobiology of the human brain reflects this 
advancement, making it difficult to identify the anatomical 
and neurochemical correlates of human consciousness. In 
this regard, reptilian brains may provide clues as to the 
nature of incipient substrates for early forms of primary 
consciousness. 

Other Forms of Consciousness? 

The success of combining feelings and consciousness in a 
strategy to generate sophisticated behavior begs the ques- 
tion of whether evolution may have opted for this combi- 
nation more than once. The core elements of the nervous 
system — including the use of sensory cells, processing 
units, and muscles as effector organs — are present in most 
animals; thus convergent evolution in the direction of 
consciousness seems plausible. The three most successful 
metazoan phyla ( Chordata (vertebrates), Arthropoda and 
Mollusca) all have sophisticated nervous systems and 
complex behavior. In fact, convergent evolution of 
advanced features is possible; eyes, for example, evolved 
independently (presumably from the shared starting point 
of light sensitive patches of skin) in these three phyla as a 
consequence of the obvious advantages of vision (Land and 
Nilsson 2002). 

Among the invertebrates, the coleoid cephalopods 
(octopuses, squid, and cuttlefish) are considered prime 
candidates for consciousness (for reviews, see Mather 
2008; Edelman and Seth 2009). These animals display 
advanced behavior, such as learning based on reward-like 
stimuli (Borrelli and Fiorito 2008), navigating mazes 
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(Moriyama and Gunji 1997), and possibly learning based 
on the observation of other members of the species (Fiorito 
and Scotto 1992). They can recognize a variety of objects 
and have considerable capacity for memory (Borrelli and 
Fiorito 2008; Hochner et al. 2006). In other words, their 
brains seem capable of a degree of processing and flexi- 
bility of behavior well beyond what one might expect from 
a collection of mere innate or learned behavioral patterns. 
Apparently they have evolved a level of sophistication, in 
terms of evaluating options, similar to that of amniotes. 
The key question as to whether they have anything 
resembling conscious experience may be whether evolu- 
tion opted for the strategy of using feelings as a means to 
assess behavioral opportunities. Feelings seem to be a 
compelling choice, but there may be other options that are 
difficult for a human to conceive. If these creatures do 
possess an analogue to human consciousness, their “him of 
life” must be quite different from what we experience. 

Final Comment 

Smith (2010) notes that while we have made considerable 
progress in understanding most aspects of the natural sci- 
ences, when it comes to understanding consciousness, we 
are no closer today than at the time of Darwin. I believe we 
do have a better grasp today, but one problem may be in 
communicating what we know to a wider audience. The 
issue of human consciousness is easily distorted by emo- 
tional sentiments, including metaphysical or religious 
ideas. Pope John Paul II, for example, has supposedly 
claimed that while scientists may have the brain, the mind 
belongs to God (Lane 2009). Biological explanations face 
not only challenges from the clergy, but also the problem 
of disseminating ideas effectively to disparate scientific 
and cultural traditions such as philosophy and the social 
sciences. 
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